Objective To study posttraumatic stress disorder (PTSD) in parents after unexpected pediatric intensive care unit (PICU) treatment of their child and to identify risk factors for its development. Method Parents completed PTSD questionnaires 3 and 9 months (N ¼ 190) after PICU treatment. Risk factors included pretrauma data, medical data, social demographics and posttraumatic stress responses at 3 months. Results In total, 30.3% of parents met criteria for subclinical PTSD and 12.6% for clinical PTSD at 3 months. Clinical PTSD prevalence rates did not change over time. At 9 months, 10.5% of parents still met criteria for PTSD. Number of earlier stressful life events, earlier psychosocial care and posttraumatic stress responses at 3 months predicted persistent subclinical and clinical PTSD. Conclusions PICU admission is a stressful event associated with persistent parental PTSD. Assessment of risk factors can facilitate detection of persistent PTSD for early intervention.
Introduction
Advanced preventive, diagnostic, and technical modalities have changed the natural course of numerous illnesses in pediatric critical care medicine. These changes have resulted in less mortality on the one hand, but a shift to increased morbidity in survivors on the other. As a consequence, research has begun to focus on morbidity and long-term outcomes of these pediatric intensive care unit (PICU) survivors and their families, including physical outcomes, cognitive functioning, quality of life, and posttraumatic stress responses (Bronner, Knoester, Bos, Last, & Grootenhuis, 2008a; Buysse et al., 2007; Elison, Shears, Nadel, Sahakian, & Garralda, 2008; Knoester, Bronner, Bos, & Grootenhuis, 2008; Vermunt et al., 2008) .
These long-term outcomes can be examined within the framework of Pediatric Medical Traumatic Stress (PMTS).
PMTS is defined as ''a constellation of psychological and physiological responses of children and their families to pain, injury, serious illness, medical procedures, and invasive or frightening treatment experiences'' (Kazak et al., 2006, p. 343) . In the aftermath of a PICU admission, almost all children and parents will experience a period of adjustment and challenge, likely including some PMTS responses. Initially, these stress responses are a normal and adaptive reaction to a life-threatening medical event. However, some families will show pathological and chronic stress responses in the long run, resulting in, for example, posttraumatic stress disorder (PTSD) (Kazak et al.) .
Long-term, chronic PMTS responses in parents after PICU treatment have been the object of a number of studies with PTSD as the main outcome measure (Balluffi et al., 2004; Board & Ryan-Wenger, 2002; Bronner, Knoester, Bos, Last, & Grootenhuis, 2008b; Colville, 2008; Colville & Cream, 2009; Colville & Gracey, 2006; Melnyk et al., 2004; Rees, Gledhill, Garralda, & Nadel, 2004; Ward-Begnoche, 2007) . These studies, in heterogeneous PICU populations, have identified PTSD in approximately 13-27% of parents. Comparisons between these studies are often difficult because of differences in terms of the study samples, methods, and timing of assessment. For example, a cross-sectional cohort study 6-12 months after discharge found considerable rates of PTSD in parents with self-report questionnaires (Rees et al., 2004) . One in four parents scored above the cut-off for high risk of current PTSD. Colville and colleagues (2006) found that 20% of mothers exhibited clinically significant levels of PTSD in an interview study at 8 months after PICU discharge. The largest study, conducted by postal survey at a 4-month follow-up, found similar rates of PTSD in parents (21%) and, in particular, elevated rates of PTSD in parents who experienced an unexpected admission of their child (Balluffi et al., 2004) . In general, the findings suggest that parental PTSD is not strongly related to child characteristics and objective measures of PICU treatment, but is related to parents' perceptions of the threat to their child's life and to acute stress reactions to the PICU (Balluffi et al., 2004; Board & Ryan-Wenger, 2002; Bronner et al., 2008b; Colville et al., 2009; Colville et al., 2006; Melnyk et al., 2004; Rees et al., 2004) .
Longitudinal studies with large numbers of participants are warranted to determine the exact prevalence and the natural time course of PTSD (Griffiths, Fortune, Barber, & Young, 2007) . Only two longitudinal studies of PTSD in parents after PICU treatment of their child have been completed (Board & Ryan-Wenger, 2002; Melnyk et al., 2004) . These studies suggest that stress responses decline over time, yet a significant number of parents still experience chronic stress responses in the first year after their child's critical illness. In addition, the largest prevalence study of PTSD following PICU treatment involved fewer than 100 families at follow-up, and the majority of investigations have consisted of fewer than 50 families and have mainly investigated mothers. Clearly, there is a lack of information on PTSD in fathers, and therefore the impact of PICU treatment on fathers is not well understood (Balluffi et al., 2004; Board & Ryan-Wenger, 2002; Bronner et al., 2008b; Colville et al., 2009; Colville et al., 2006; Melnyk et al., 2004; Rees et al., 2004) . Exploring estimates of PTSD in fathers would reveal more knowledge about the need for psychological intervention. In addition, research on risk factors for parental PTSD following PICU treatment has yielded mixed results in the literature, and the findings remain inconsistent. As a result, clinicians lack tools to identify parents at risk for PTSD. If risk factors are determined, parents who require closer monitoring and possible psychological intervention could be detected at an early stage. Therefore, the present longitudinal study will provide insight into prevalence and the natural time course of PTSD as well as various risk factors in the largest sample of both mothers and fathers studied after PICU treatment so far.
The first aim of the current study was to describe the course of subclinical and clinical PTSD in parents after PICU treatment of their child at 3-and 9-month follow-ups. The second aim was to identify risk factors and risk confounders for persistent subclinical and clinical PTSD, including pretrauma data (life events, health problems and psychosocial care), medical data (length of stay in PICU and risk of mortality), previous posttraumatic stress responses and social demographics. We hypothesized that the prevalence of parental PTSD would be consistent with the documented rates in other PICU populations and that PTSD rates would decrease over time. Likewise, in line with previous findings, we hypothesized that PTSD would be related to pretrauma data and earlier posttraumatic stress responses, but not to medical data.
Methods Participants
This prospective follow-up study included previously healthy children unexpectedly referred to the PICU with an acute life-threatening medical event. Inclusion criteria were defined as admission for respiratory insufficiency necessitating ventilatory support for at least 24 h and/or patients admitted to the PICU for at least 7 days, including all trauma types. Children with known underlying illnesses or with scheduled elective surgeries were excluded, as were children admitted due to abuse or self-intoxication and families with the inability to complete questionnaires written in Dutch.
The current study was conducted from December 2002 through October 2005 and comprised three time periods for data collection. In total, 250 families were eligible for participation. Data on risk factors (pretrauma data, medical data and social demographics) were collected immediately after PICU discharge (T1: median 29 days; IQR 5-60 days). Data on PTSD were collected at a 3-month follow-up (T2: median 100 days; IQR 87-114 days) and a 9-month follow-up (T3: median 295 days; IQR 269-323 days). Parents who completed PTSD measures at both time points were included in the analyses. At T1, data on risk factors were available for 151 parents (85 mothers and 66 fathers). PTSD data were available for 247 parents (140 mothers and 107 fathers) at T2 and for 190 parents (108 mothers and 82 fathers) at T3. Table I shows the child (n ¼ 113) and parent characteristics (n ¼ 190) of the families who completed PTSD questionnaires at both T2 and T3. There was a significant difference in risk of mortality; families whose children had a lower risk of mortality less often completed questionnaires at both time points (T2 and T3). There was also a significant difference in parent characteristics regarding education level, with parents who completed both questionnaires being higher educated. There were no other significant (p < .05) differences regarding child or parent characteristics.
Measures

PTSD
The primary outcome measure of the study was the manifestation of either clinical or subclinical PTSD in parents at a nine-month follow-up after discharge of their child from the PICU. PTSD in parents was measured with the Self-Rating Scale for PTSD (SRS-PTSD) (Carlier, Lamberts, Van Uchelen, & Gersons, 1998 ). This is a Dutch self-report questionnaire that contains 17 items corresponding to the diagnostic DSM-IV symptoms of PTSD, which are divided into three clusters: intrusions (five items), avoidance (seven items) and hyperarousal (five items). The diagnosis of PTSD is likely if at least one intrusion, three avoidance and two hyperarousal symptoms were present in the previous 4 weeks. The diagnosis of subclinical PTSD is likely if at least one intrusion, one avoidance and one hyperarousal symptom were present in the previous 4 weeks. Parents were directed to complete the questionnaire in the context of the PICU admission. The SRS-PTSD has demonstrated adequate psychometric properties in a sample of air crash survivors, where the internal consistency of this questionnaire was good (a ¼ .96). The sensitivity (86%) and specificity (80%) are sufficient compared to a structured clinical interview. The instrument is regarded as a good alternative to the structured interview for PTSD, particularly at sites that have limited clinical resources (Carlier et al., 1998; Brewin, 2005) . In this study, the internal consistency (a) of the SRS-PTSD was .88 at 3 months and .90 at 9 months.
Risk Factors for PTSD
Potential risk factors and risk confounders were selected from previous studies of traumatic stress in adults (Brewin, Andrews, & Valentine, 2000; Ozer, Best, Lipsey, & Weiss, 2003) and parents of PICU survivors (Balluffi et al., 2004; Board et al., 2002; Bronner et al., 2008b; Colville et al., 2006; Colville et al., 2009; Melnyk et al., 2004; Rees et al., 2004) . We divided the risk factors into three groups: (a) pretrauma data, (b) medical data, and (c) posttraumatic stress responses. Pretrauma risk factors included number of previous stressful life events, receiving professional psychosocial care during the year before the PICU admission (yes or no), and number of health complaints during the last 3 months before the admission. To determine the number of life events, parents were asked about the prevalences of 19 stressful events (e.g., death of a loved one, marriage, birth of a child, financial problems, divorce, life-threatening accident, severe disease) during their lifetime. Similarly, they were asked whether they had experienced 16 possible health complaints (e.g., sleeping problems, anxiety, anger, headaches, backaches, restlessness, fatigue) in the last 3 months. Medical risk factors were obtained from patient records and the PICU patient data management system (PDMS) and included length of stay in the PICU and risk of mortality as predicted by the Pediatric Index of Mortality (PIM2). This is a rating index developed to predict mortality risk in the PICU, calculated during the first 24 h of admission (Slater, Shann, & Pearson, 2003) . Posttraumatic stress responses were described with SRS-PTSD scores at the 
Procedures
After discharge from the PICU (T1), each eligible family received a letter and questionnaires in the mail explaining the aim and content of the study. Families were then contacted by telephone and invited to participate in the study. When no telephone contact was established despite repeated attempts, follow-up letters were sent with a tear-off reply slip inviting participation. Families who declined to participate were asked about their reasons for refusal. Families who decided to participate in the study were asked to complete the questionnaires. Following these first questionnaires, families visited the follow-up clinic 3 months after PICU discharge (T2). The visit to the follow-up clinic at 3 months consisted of a structured medical examination of the child (anamnesis and physical examination) by a pediatric intensivist followed by a psychological screening (semi-structured interview) by a psychologist. Prior to this clinic visit, parents and children were asked to complete PTSD questionnaires at home and bring them to this screening session. Some parents did not visit the follow-up clinic and only completed the PTSD questionnaires (for example, for geographical reasons). At 9 months after discharge (T3), parents and children were sent questionnaires identical to those completed at 3 months. Families were approached by telephone after two weeks to increase the response rate. Written informed consent was obtained from all participating families. The Ethical Review Board of the Academic Medical Centre Amsterdam approved the study protocol.
Statistical Analyses
Statistical analysis comprised the following five steps. First, missing questionnaire data were imputed according to the guidelines of the SRS-PTSD questionnaire, which indicate that missing questionnaire values can be replaced by mean scores of the other items if the parents completed at least 90% of the questionnaire. Second, internal consistency (a) was calculated for the PTSD scores at the 3-and 9-month follow-ups. Third, nonresponse analyses of families were performed with regard to characteristics of children and parents. Fourth, prevalence rates of clinical and subclinical PTSD were calculated at the 3-and 9-month follow-ups and compared between mothers and fathers. Fifth, risk factors and risk confounders for manifestation of clinical and subclinical PTSD at 9 months after discharge from the PICU were identified using univariate and multivariate logistic regression analyses. In these analyses, a logarithmic transformation was applied to length of stay in the PICU because of its skewed distribution, and PIM2 mortality risks were transformed to the log odds scale. The entry significance level for risk factors in the multivariate analysis was .200 as determined by the univariate analysis. In addition, all risk confounders (parent's gender and age, marital status, education level, ethnicity, employment status) were added to the multivariate model. In both the univariate and multivariate analyses, generalized estimating equations (GEE) were used to correct for correlations in the response values of fathers and mothers of the same children. An exchangeable working correlation matrix structure was assumed in the GEE procedure. Missing correlates at T1 were imputed with median values prior to the multivariate analysis. Steps 2, 3 and 4 were conducted using the Statistical Package for Social Sciences for Windows 14.0 (SPSS, Inc., Chicago, IL, USA).
Step 5 of the statistical analysis was conducted using S-Plus 6.2 for Windows (Insightful Corp., Seattle, WA, USA).
Results
Prevalence and Course of PTSD
In total, 30.3% of parents (n ¼ 247) met criteria for subclinical PTSD, and 12.6% were likely to meet criteria for PTSD at a three-month follow-up. At a 9-month follow-up, 17.9% of parents (n ¼ 190) met criteria for subclinical PTSD, and 10.5% were still likely to meet criteria for PTSD (Table II) . Subclinical PTSD prevalence rates decreased over time, whereas clinical PTSD prevalence rates did not change over time. Mothers had significantly more subclinical PTSD than fathers at both the three-month follow-up (w 2 ¼ 5.621, p ¼ .018; 36.4% of 
Risk factors of Persistent Subclinical and Clinical PTSD
Tables III and IV present the results of the univariate and multivariate logistic regression analyses. Marital status could not be analyzed because only five parents were unmarried, all of whom met the criteria for clinical or subclinical PTSD at 9 months. In the multivariate model, number of earlier life events, psychosocial care in the last year, and avoidance and hyperarousal symptoms at 3 months emerged as independent predictors of subclinical and clinical PTSD. Risk confounders were female gender and employment status. There was a trend (p < .100) for an association between ethnicity and PTSD.
Discussion
Findings of this longitudinal study indicate that symptoms of PTSD are relatively prevalent among parents after PICU treatment of their child. Almost one third of parents fulfilled criteria for either subclinical (17.9%) or clinical (10.5%) PTSD at the 9-month follow-up. In addition, subclinical PTSD scores decreased over time, whereas clinical PTSD scores were unlikely to change over time, suggesting chronicity in those who develop clinical PTSD. Moreover, number of avoidance and hyperarousal symptoms at the 3-month follow-up, number of life events and psychosocial care in the last year before PICU admission predicted subclinical and clinical PTSD after 9 months. This study is one of the first examining PTSD in a large group of fathers. Overall, more mothers met criteria for subclinical PTSD than fathers. At 9 months, 26.9% of mothers and 6.1% of fathers met criteria for subclinical PTSD. In the general literature, it has been established that women are at higher risk for developing PTSD (Breslau et al., 1998; Kessler, Sonnega, Bromet, Hughes, & Nelson, 1995) . However, rates for clinical PTSD at 9 months did not differ between mothers (12.0%) and fathers (8.5%), suggesting the importance of paying attention to the needs of fathers as well.
The findings of this study are in line with the previous traumatic stress literature on the longitudinal course of PTSD (Breslau et al., 1998; Kessler et al., 1995) , as well as with the long-term phase of the PMTS model (Kazak et al., 2006) . In general, the course of symptoms of PTSD shows substantial natural recovery in the initial months and years after a stressful event. Whereas a high proportion of individuals will develop symptoms of PTSD, a substantial proportion of these individuals (45-80%) recover without treatment in the following years, with a steep decline in PTSD rates occurring in the first year (Breslau et al., 1998; Kessler et al., 1995) . Yet, more than one-third will remain symptomatic for 3 years or longer and will develop chronic, unremitted PTSD with an increased risk of secondary problems such as depression, substance abuse, physical disabilities, and medical disorders (Breslau et al., 1998; Foa, Stein, & McFarlane, 2006; Kessler et al., 1995) . Moreover, there is growing evidence that PTSD results in enormous personal and societal costs. This is based on chronicity of symptoms, high comorbidity of psychiatric and medical disorders, marked functional impairment, and estimations of economic costs (Brunello et al., 2001; Solomon & Davidson, 1997) . Considering these major impairments, early identification of parents who will develop persistent clinical or subclinical PTSD is of the utmost importance to try to prevent these future mental health problems. Additionally, parents with PTSD may be hampered from supporting their child's recovery trajectory and adjustment. The number of life events and psychosocial care in the last year before PICU admission predicted subclinical and clinical PTSD at the 9-month follow-up. Parents who have experienced many stressors during their lifetime and who have had prior psychological problems seem to be more vulnerable to poor adjustment after PICU treatment. Based on these results, one can hypothesize the existence of vulnerable parents, predisposed by initial psychological burdens (e.g., stressful life events and prior psychological problems), who have a higher risk of developing chronic PTSD after life-threatening medical events.
Length of stay in the PICU and risk of mortality did not relate to parental PTSD, as was found in other studies (Balluffi et al., 2004; Board et al., 2002; Bronner et al., 2008b; Colville et al., 2009; Colville et al., 2006; Melnyk et al., 2004; Rees et al., 2004) . Earlier findings suggest that parental PTSD is not strongly related to objective measures of PICU treatment, but is related to parents' perceptions of the threat to their child's life and to acute stress responses during PICU treatment (Balluffi et al., 2004; Board et al., 2002; Bronner et al., 2008b; Colville et al., 2009; Colville et al., 2006; Melnyk et al., 2004; Rees et al., 2004) .
Posttraumatic stress responses at 3 months, in particular avoidance and hyperarousal symptoms, were strongly related to persistent PTSD. Future research should investigate the predictive value of acute stress symptoms experienced while the child is being treated in the PICU. Thus far, research shows promising predictive power for acute stress symptoms, as approximately three quarters of trauma survivors who display these symptoms subsequently develop PTSD. However, only one half of individuals who eventually develop PTSD have severe acute stress symptoms (Bryant, 2003) .
Finally, our study indicates that gender, ethnicity and employment status are risk confounders for PTSD. Female gender is commonly related to the development of PTSD (Brewin et al., 2000) . While research on other demographic variables is less convincing, there is some evidence to suggest that minority status is associated with PTSD (Brewin et al., 2000) . In addition, unemployment was a protective factor for PTSD in the multivariate analyses, but when analyzed alone, unemployment was a significant risk factor. A plausible explanation for these disparate results is that both unemployment and stressful work conditions are associated with PTSD (Nandi et al., 2004) . In other words, having a job and possible perceived work stress can lead to the maintenance of PTSD when its symptoms already exist.
This study has some shortcomings that should be noted. First, a considerable number of parents were lost due to nonresponse and refusal. Although other follow-up studies show similar response rates, this may have biased the results as nonparticipation may be a consequence of PTSD-related avoidance symptoms. Thus, prevalence rates of PTSD may be underestimated in this PICU population. Another concern related to bias was the difference found in risk of mortality (PIM2) and length of stay in the PICU between responders and nonresponders. Fewer parents whose child had a lower risk of mortality and shorter length of stay completed the questionnaire 9 months after PICU treatment. Consequently, caution should be used when drawing conclusions regarding the predictive value of medical risk factors for the development of PTSD. In addition, more parents who were highly educated and born in the Netherlands completed both questionnaires. This could have led to selection bias. Selection bias describes the differential selection of study subjects that may obscure or exaggerate a causal association (Grimes & Schulz, 2002; Tripepi, Jager, Dekker, Wanner, & Zoccali, 2008) . The literature on traumatic brain injury reveals similar findings. Persons from socioeconomically disadvantaged groups (racial and ethnic minorities, those with little education, and unemployed) had a high loss to follow-up rate (Corrigan et al., 2003) . The fact that a selective number of parents were lost to follow-up at 9 months seriously affects the conclusions that can be drawn from this research regarding the total population of parents after unexpected PICU treatment of their child. Second, in predicting PTSD in parents, only a limited number of risk factors and risk confounders could be investigated. Research suggests that peritraumatic psychological processes like dissociation and coping are the strongest predictors of PTSD (Ozer et al., 2003) . Moreover, the questionnaires used to measure pretrauma risk factors had unknown psychometric properties. Developing structured and validated measures to examine risk factors for PTSD is a next step. Third, this study did not include a control group design. Hence, the reported PTSD prevalence of parents who experienced an unexpected PICU admission could not be compared to prevalence rates of parents whose children were admitted electively to the PICU or unexpectedly to a pediatric general ward.
Future directions in research on childhood medical illness and injury should change the paradigm and move beyond examining PTSD prevalence rates. First, a better understanding of multiple risk factors within a broad, cross-situational perspective (e.g., peritraumatic processes, post-incident buffering supports, and biological mechanisms) is crucial if clinicians are to assess, intervene in and ultimately prevent negative mental health consequences after PICU treatment (Manne, 2009; Rennick & Rashotte, 2009; Werba & Kazak, 2009 ). Second, pediatric psychologists should develop evidence-based psychological intervention programs aimed at improving mental health outcomes (Melnyk et al., 2004) .
In conclusion, the present study is the largest follow-up study in both mothers and fathers after PICU treatment of their child to date. The findings of this study give insight into various risk factors for persistent PTSD in parents in the first year after critical illness of their child. Assessment of these risk factors could help to detect parents who require closer monitoring and possible psychological intervention in an early stage. The strong relation between persistent PTSD and prior psychological burden (e.g., stressful life events and prior psychosocial care) together with parental stress responses at 3 months suggest that clinicians, whether in the hospital or in primary care follow-up, should ask parents about these issues. Inquiring about (a) previous stressful life events, (b) prior psychosocial care, (c) efforts to avoid thoughts or places associated with the PICU and emotional numbing symptoms, as well as (d) sleep problems, concentration difficulties and irritability and the degree to which these symptoms impair current functioning may help to identify parents who are in need of early psychological intervention (Melnyk et al., 2004 
